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Preferably the first and second signals are steady state visually evoked potentials 
(SSVEP's). 

The invention also provides a system for evaluating the efficacy of therapeutic 
5 treatments of patients located at remote sites, the system including: 
a central analysis site; 
a plurality of remote test sites; 

input means at the central analysis site for inputting signals representative of at least 
first and second cognitive tasks; 
10 means for cominunicating the input signals to selected remote test sites via a network 

which provides two-way communication between the central analysis site and the remote sites; 

receiving means at the remote test sites for receiving the input signals and presenting 
the first and second cognitive tasks to be presented to a patient before and after carrying out 
a therapeutic intervention or treatment respectively; 
15 detecting means at the remote test sites for detecting brain response signals from 

patient to said cognitive tasks; 

means for communicating said brain response signals to said central analysis site via 
the network; and 

processing means for assessing the efficacy of the therapeutic intervention or treatment 
20 on the basis of differences in brain response signals before and after carrying out the 
therapeutic intervention or treatment. 

The invention will now be further described with reference to the accompanying 
drawings, in which: 

25 Figure 1 is a block diagram of a decentralised patient management system of the 

invention; 

Figure 2 is a block diagram of a central analysis site; 
Figure 3 is a block diagram for a remote site; 

Figure 4 is a schematic block diagram for part of the hardware at a remote site; 
30 Figure 5 is a schematic plan view showing input of signals to the eyes of a subject; 
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various output devices 28 including a printer, video recorder for producing video output. 

The computer network 16 includes programs which utilise Fourier analysis to produce 
the changes in steady state response of the brain of a patient when the time varying cognitive 
5 task stimulus is presented to the subject. These techniques are disclosed in the 
aforementioned United States patents and therefore need not be described in detail. 
Alternatively, analog or hybrid circuitry may be provided at the central analysis site for 
detection of the required signals, again in accordance with the principles disclosed in the 
aforementioned patents. 

0 

In summary, the central analysis site 4 performs a number of functions including: 



(i) receiving material to be presented to patients, 

(ii) producing digital cognited tasks which may be in the form of multimedia test 
15 material, 

(iii) downloading test sequences to specific patients, 

(iv) uploading brain electrical activity information from patients, 

(v) verifying patient state and quality of data, 

(vi) analysing brain activity, and 

20 (vii) producing reports in written and/or graphical form. 



The remote sites 6 would normally be an appropriate medical establishment such as 
a hospital, clinic, psychiatrist's room or general practitioner's room. The electrical brain 
activity of the patient is recorded at the site and signals representative of this activity together 
25 with appropriate information on the cognitive task will be transferred to a central analysis site 
4 via the Internet (or some other appropriate medium). The central analysis site 4 analyses 
the brain electrical activity and generates topographic maps of SSVEP amplitude and phase. 

A t>'pical session may involve testing a prospective patient's response to an anxiolytic 
30 (anxiety reducing) agent. The patient will undertake a cognitive task and steady state probe 
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5. The patient undertakes the cognitive activation task while SSPT recording takes place. 

6. Brain electrical activity together with timing information on the cognitive task and the 
visual stimulus is encrypted and transmitted to the central analysis site 4. 

5 

7. Animated maps of the SSVEP amplitude and phase are generated at the central 
analysis site 4. 

8. The patient is given a test dose of the selected medication and waits until plasma or 
10 brain levels have peaked. This is typically a period of from 1 to 2 hours. 

9. Steps 5, 6 and 7 are then repeated. 

10. Software at the central analysis site 4 analyses the SSVEP data and determines the 
15 differences between the first and second recording sessions. These differences are 

presented as animated brain maps and down-loaded to the remote site 6. In addition, 
a report may be generated which evaluates the likely long term patient response to the 
test medication. 

20 11. The clinician considers the graphical data available along with the report and decides 
whether to test another agent or not. Testing of another agent would need to take 
place after the original test medication had been cleared from the body. 
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A similar approach could be used for ongoing monitoring of patient treatment. 

The central analysis site 4 may utilise communication software and appropriate 
communications hardware to receive data from the remote sites 6 such as packages which are 
commercially available and therefore need not be described in detail. An example would be 
WS FTP32 or Cute FTP. 
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eyes of the patient through the mirrors 50 and 52. Each LED array preferably comprises nine 
LED devices arranged in a three by three array and located in a double Faraday cage 58 for 
electrical shielding. A t>^pical Faraday cage 58 is schematically illustrated in Figures 7, 8 and 
9. 

5 

The luminance output of LED devices is not linear with respect to the applied voltage. 
Accordingly, in accordance with the invention, circuitry is provided to control the LED 
outputs so as to be linear. This is accomplished by using a feedback circuit 60 as shown in 
Figure IL The circuit 60 includes a photolransistor 61 coupled to the negative input of an 

10 operational amplifier 62. The phototransistor 61 is arranged to receive output from one or 
other of the LED arrays 54 and 56 or a further LED device connected thereto. The circuit 
60 provides feedback for an LED drive circuit 64, as shown in Figure 4. One circuit 
realisation for the LED drive circuit 64 is shown in Figure 13. The drive circuit 64 includes 
an input 66 which receives input signals from a microprocessor controller 68 via a digital to 

15 analog converter 69. The input signals are amplified in amplifier stages 70, 72 and 74, the 
feedback circuit 60 provides negative feedback for the stages 72 and 74, as shown. The LED 
drive circuit 64 thus is able to produce a linear luminance output from the LED arrays 54 and 
56, over a reasonable range of voltages applied to the input 66. This is graphically illustrated 
in Figure 14 where the X-axis represents input voltage on the input 66 and the Y-axis 

20 represents luminance from the array 54 or 56. As indicated, the output luminance line 76 is 
substantially linear from about 0 volts to about 4 volts. Preferably, the LED flicker signals 
have a sinusoidal waveform. 

The digital to analog converter 69 will produce the sinusoidal waveform when the 
25 microprocessor controller 68 sends the sine wave data held in a sine look-up table LUT stored 
in read only memory 100. A software counter will be used as a pointer to the sine wave LUT 
used to construct the sine wave. The output frequency of the waveform generator will be 
equal to the interrupting clock frequency divided by the number of digitised points 256 in the 
sine wave LUT incorporated in the program. The total harmonic distortion for a 256 point 
30 sine wave will be 0.71%. The reconstructed sine waves are then low-pass filtered by a 
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The visor may include a light detector 48 for detecting ambient light levels, the 
detector 48 being coupled to an ambient light level detector circuit 43, an example of which 
is shown in Figure 12. The circuit 43 converts the ambient light level to a voltage signal 
which is coupled by an amplifier, low pass filter 93, and sample and hold circuit 95 to the 

5 multiplexor 91, as shown in Figure 4. Voltage signals from the phototransistor 43 pass 
through the convenor 92 and are inputted to the microprocessor 68. The voltage drive from 
the phototransistor 43 is linearly proportional to the ambient light brightness. This voltage 
will be measured by software in the microprocessor to give a brightness value. If the 
brightne<;s value is too high, anibiciu light levels are too high and a message will be generated 

10 to advise the clinician to reduce the ambient light levels. 

The microprocessor 68 also controls the acquisition of data by signalling the analog 
to digital converter 92 to measure the current EEG value at an electrode 82, as determined 
by the microprocessor. This data will be stored in the S-RAM 94. The microprocessor with 

15 the front-end amplifiers preferably include several high accuracy 32 bit counter/timers capture 
circuits 102. These 32 bit counter/timers capture circuits 102 generate the timing signals for 
data acquisition, visual flicker frequency as well as specific events in the material being 
presented to the patient. Such events may include the beginning and end of task sequences 
as well as the timing of specific events. The timing data held in counters 102 can be captured 

20 when signalled by the above mentioned events. The captured timing data can be stored along 
with the recorded EEG data in the hard drive 44 and for later transmission and analysis. 
Software at test site may also detect any possible development of photo-epilepsy by 
monitoring the amplitude of the EEG at the flicker stimulus frequency. In the event of any 
photo-epilepsy being detected, the flicker stimulus will be discontinued and the test 

25 terminated. 

At the end of data acquisition, the data is encrypted and transferred to the central 
analysis site 4. 
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Calculation of SSVEP Fourier components where a„ and are the cosine and sine 
Fourier coefficients respectively, n represents the n"^' stimulus cycle, S is the number of 
samples per stimulus cycle (16), At is the time interval between samples, T is the period of 
one cycle andy(/2T + /AT) is the EEG signal. 



SSVEP 



amplitude 



SSVEP . = a tan 

phase 



a 



5 Equation 1 . 1 

Calculation of SSVEP amplitude and phase where and are the cosine and sine 
Fourier coefficients respectively. Amplitude and phase components can be calculated using 
either single cycle Fourier coefficients or coefficients that have been calculated by integrating 
10 across multiple cycles. 

Amplitude and phase time series segments are then averaged across subjects in the 
targeted demographic profile. Precise timing on the various events is supplied by the 
encrypted data file uploaded from patients. 

15 

Information about brain activity and brain speed of processing is preferably available 
for each of the recording sites. Preferably there are about sixty-four scalp recording sites. 

The CPU 16 may also run software for producing written reports outlining the 
20 response of the patient's brain to the test therapeutical treatment. The clinician administering 
the test treatment can then decide on the suitability of continued administration of the 
therapeutical treatment for the particular patient. 
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Performance Task (CPT A-X). In this more demanding task, subjects were required to press 
a microswitch on the appearance of the ^etter "X" if and only if it has been preceded by the 
letter "A". 

5 Figures 15 and 16 illustrate the spatial distribution of the difference between the mean 

SSVEP phase, evaluated over the entire CPT A-X task before medication, and the point in 
time corresponding to the disappearance of the letter "A" in the CPT A-X task after 
medication. 

10 More particularly, Figure 15 shows changes in SSVEP phase during the performance 

of the Continuous Performance Task in a 12 year old boy diagnosed with ADHD and 
responding to the stimulant medication. Scalp distribution of SSVEP latency is viewed from 
the top of the head. The uppermost portion of map illustrates activity in frontal brain sites 
while the bottom corresponds to the back (occipital lobe) of the head. Light areas are 

15 associated with SSVEP phase advance (latency reduction), grey areas illustrate regions of 
SSVEP latency increase. Contours correspond to latency changes of 6 msec. The presence 
of large SSVEP latency reduction at prefrontal sites predicts a good long term clinical 
response to the stimulant medication for the subject patient. 

20 In contrast, Figure 16 shows changes in SSVEP phase during the performance of the 

Continuous Performance Task in a different 12 year old boy diagnosed with ADHD and not 
responding to stimulant medication. The absence of SSVEP latency reduction at prefrontal 
sites predicts a poor long term clinical response to the stimulant medication for the subject 
patient. 

25 

In summary, the spatial distribution shown in Figure 15 shows a strong reduction in 
the SSVEP latency at prefrontal scalp sites which suggests a normalisation of brain activity 
during this task. It is suggested that such a response is indicative of a positive long-term 
response to stimulant medication. By contrast, the spatial distribution illustrated in Figure 
30 16 shows little or no latency reduction at prefrontal sites. This result suggests that there 
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the spirit and scope of the invention 
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DATED this 15th day of May, 1998 



SWINBURNE LIMITED 
By its Patent Attorneys 
15 DAVIES COLLISON CAVE 
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